There is strong evidence for a link between endocrine and reproductive events and rheumatoid arthritis, not only in relation to disease activity and progression but also, and more intriguingly, with its incidence. Although some cotitroversy still surrounds the significance of the epidemiological data, various studies suggest that a several fold increase or decrease in the risk of rheumatoid arthritis is dependent on the influences of such factors.
Rheumatoid arthritis, parity, and oral contraceptives Several clinical and epidemiological studies strongly suggest an important role for sex hormones in the incidence and evolution of rheumatoid arthritis. The disease is about three times more prevalent in women than in men,' 2 but the difference tends to be greatest during the last reproductive years and reduces with advancing age thereafter. 3 Reproductive aspects have also been related to the risk of rheumatoid arthritis: nulliparity has been found to be an important risk factor for the disease in a number of studies, being associated with a relative risk of 1-5 to 1 8 in comparison with women with a history of one or more pregnancies."7 According to most of the studies increasing numbers of pregnancies are not associated with further protection.
Unfortunately, these studies do not clarify the direction of this relation: the higher prevalence ofrheumatoid arthritis in the nulliparous might be simulated by a reduced fertility in patients with this disease as shown in other autoimmune conditions.8 9 A number of studies on the possible relation between rheumatoid arthritis and poor reproductive outcome have been reported. Most of these studies10-2 found no differences in miscarriage and stillbirth rates between patients with the disease and controls. Kaplan 63 The relation between sex hormones and heat shock proteins has been given little attention in rheumatological publications.
Recent research showed important peculiarities in heat shock response during prenatal development. In addition to a refractory period, during which heat shock does not induce a typical response, specific types of heat shock protein are expressed spontaneously by fetal tissues in the absence of stress. These belong mainly to the 70 kD family and have been found not only in Drosophila species,64 65 Xenopus laevis,' and yeasts67 but also in mammals.68 69 Rheumatoid arthritis, sex hormones, and heat-shock proteins: hypothesis Pregnancy represents a powerful and prolonged oestrogenic, progestagenic, and gonadotropinic challenge. The concentrations of oestriol are, by the third trimester, about 1000 times those seen during a normal menstrual cycle.70 During hormonal contraception women are also exposedto higher than normal concentrations of oestrogens.
It is conceivable, taking into account what has already been proved in animals, that these conditions may elicit the production of higher amounts of endogenous heat shock proteins. Pregnancy and oral contraception may exert their protective effect against rheumatoid arthritis by inducing high levels of heat shock proteins responsible for the induction of a state of immunotolerance to subsequent exposure to the actual triggering agent of rheumatoid arthritis. An ideal sequence and timing of the events might be essential for a protective effect. Alternatively, the pregnant woman might be exposed to specific types of heat shock protein produced by the fetus in higher concentrations than seen in adults. Another possibility is that fetal heat shock proteins are produced which are unique to developing tissues and therefore unknown to the mature immune system of the mother.
IThe proposed mechanism satisfies most of the conditions known to favour the occurrence and persistence of immunological tolerance: an underlying state of immunosuppression, similarity with antigens of the host, and predominant involvement of T cells, in which tolerance can be induced by smaller amounts of antigen and retained longer.7' Such a mechanism would also explain the puzzling lack of a dose-response effect in the relation between pregnancy or oral contraceptive use and the incidence of rheumatoid arthritis, as well as the protective effect of an earlier menarche7 and a younger age at first pregnancy. 6 A possible mechanism for the induction of immunotolerance would be the predominant stimulation of a suppressor T cell clone, similar to the A2c clone described in relation to adjuvant induced arthritis. Anti-idiotypic antibodies would represent another possibility.
The high' degree of homology shared by heat shock proteins from humans and from different species of micro-organism has been suggested to underlie the chronic maintenance of immunoreactivity in patients with rheumatoid arthritis. 30 The same mechanism could be invoked to explain the persistence of immunotolerance for decades after pregnancy. There is a long way to go before clarifying all the possibilities, but the data already gathered justify the need for greater research, and the hope of a 'vaccine' against rheumatoid arthritis is certainly an exciting possibility. 
